Abstract Objectives: The purpose of the present study was to systematically review literature on the effectiveness of surgical regenerative treatment for peri-implantitis.
Introduction
Dental implants are increasingly becoming a viable and effective treatment for replacing missing teeth. Whilst the procedure has a high success rate, there is the potential for complications. Dental implants may fail due to local inflammation, such as peri-implant mucositis and peri-implantitis. If these conditions are left untreated, the recipient could end up losing the implant. As a direct result of the increasing prevalence of dental implants, a growing number of related complications are being discovered. Research indicates that one in four patients who receive dental implants are likely to suffer from a peri-implant disease at some point in their life (Wang et al., 2017) . A peri-implant disease is defined as 'an inflammatory process affecting the soft and/or hard tissues surrounding an implant in function' (Chrcanovic et al., 2017 , Romeo et al., 2005 , Roos-Jansaker et al., 2003 . Peri-implant diseases are often compared to periodontal diseases, and many studies have reported that the oral tissue that surrounds a dental implant has similar features to that which surround the natural teeth. These similarities might explain, for instance, how peri-implant mucositis can advance to peri-implantitis, in a similar way to the progression of gingivitis to periodontitis, which occurs around natural teeth (Renvert et al., 2013 , Triplett et al., 2003 , El Chaar and Jalbout, 2002 . However, there are a number of key differences in the causes and treatment of each condition (Suarez et al., 2013 , Kozlovsky et al., 2007 . Peri-implant diseases are divided into two groups: peri-implant mucositis and peri-implantitis. Peri-implant mucositis is defined as 'an inflammation of the peri-implant mucosa, but is not associated with bone resorption' (Mombelli and Lang, 1998) . The advancement of periimplant mucositis is termed peri-implantitis, which is defined as 'a peri-implant soft tissue inflammation that is associated with bone resorption with or without an increase in probing pocket depth (PPD) and suppuration' (Thakkar et al., 2017 , Ramanauskaite et al., 2016b , Lang and Berglundh, 2011 .
One of the treatment modalities for peri-implantitis is a regenerative technique that involves flap elevation, mechanical root debridement and the placement of bone graft material with or without a membrane (Ramanauskaite et al., 2016a , Nguyen-Hieu et al., 2012 . Schwarz et al. (2006) studied the treatment of moderate peri-implantitis in 22 patients using either a nanocrystalline hydroxyapatite (NHA) or a natural bone mineral in combination with a collagen membrane. The researchers monitored the patients for two years following treatment and found that there was significant clinical progress in terms of reducing the peri-implant pocket depth and enhancing the clinical attachment level. Interestingly, however, the authors did not refer to the nature of the defects in bone quality in the study. This, of course, may have impacted on the effectiveness of the treatment. Mishler and Shiau (2014) developed an algorithm to help clinicians make decisions regarding the treatment of peri-implant conditions (Fig. 1) . The algorithm supposes a standard-length diameter of 11.5 mm for a dental implant. Patients receiving shorter implants should be warned of the early risk of implant removal when the bone around the implant is resorbed. The authors suggested conservative treatment for peri-implant mucositis and mild peri-implantitis. While in moderate to advanced peri-implantitis, if the infrabony defect is vertical with two or three-wall defects that contain bone grafting material, then regenerative therapy is indicated. If, however, the defect is a horizontal or one-wall, and cannot contain bone grafting material, then non-regenerative approaches, such as an apically positioned flap or implantoplasty, are recommended.
Various techniques have been advocated in literature for the surgical regenerative treatment of peri-implantitis, including the use of bone substitutes, methods for detoxification of implant surfaces, antimicrobial prescriptions and whether to use submerged or non-submerged techniques. This raises an important question: which approach is the best among the different regenerative techniques? In this review, an attempt has been made to answer this question using a structured search strategy and through the selection of the best available evidence, which was randomised clinical trials only.
Methods

Search strategy
Searches were completed in accordance with PRISMA guidelines and based on the concept of PICO, which is an abbreviation for Population (patients with peri-implantitis and classified according to the American Society of Anesthesiologists or ASA physical Status I or II), Intervention (surgical regenerative treatment of peri-implantitis), Comparison (different surgical approaches) and Outcome (primary and Fig. 1 A summary of the management for peri-implant diseases (Mishler and Shiau, 2014) . secondary outcomes) (Moher et al., 2009 ). The research questions were what were the overall outcomes of the surgical regenerative management of peri-implantitis, and which approach had better outcomes. Different databases were used to conduct a thorough search of the literature and to answer the focus questions. These databases were the Cochrane Central Register of Controlled Trials (CENTRAL), via the Cochrane Library, Ovid MEDLINE, EMBASE via OVID and PubMed. The final search was conducted on 13 July 2019. The following key words were combined: Periimplantitis, OR Peri-implant Disease*, OR Peri-implant? Disease, OR Implantoplasy, OR Peri-implantitis Therapy AND Bone Graft, OR Bone Grafting, OR Osseous Defects, OR Collagen Membrane, OR Surgical Regenerative Therapy, OR Bone Substitute, OR Bone Regeneration, OR Chlorhexidine, OR Diode Laser OR Resective Surgery. Further attempts were made to find studies related to this systematic review. This was achieved through a comprehensive analysis of the reference lists of the studies found through the initial research process.
Study selection criteria
In this review only randomised controlled trials (RCTs) were included. Each RCT had to show a minimum follow-up period of 12 months after the surgical treatment of peri-implantitis.
Primary and secondary outcomes
The primary outcomes for this review were changes in probing pocket depth (PPD), bleeding on probing (BOP), radiographic marginal bone level (RBL) changes on dental radiographs or any signs or symptoms of infection. The secondary outcomes were facial marginal soft tissue recession, aesthetic outcomes evaluated by the patient or dentist and cost of the treatment.
Data extraction and management
After obtaining the full text of each of the included studies, data were extracted by three independent authors and any discrepancies were resolved by discussion. Inter-rater reliability was measured by Cohen's kappa coefficient and it was k = 0.8. Data collection and management followed the main principles of the checklist outlined in the Cochrane Handbook for Systematic Reviews of Interventions (Higgins and Green, 2011) .
Results
All of the collected studies were added into EndNote 8X software for research and reference management. The total number of included studies was 1050. Following the removal of duplicate studies, the total was 613. At the next stage, 591 studies were excluded as these were determined to be irrelevant to the research topic after viewing the title and abstract of each publication. Full reports on the remaining 22 studies were obtained for evaluation against the inclusion and exclusion criteria. A total of 17 studies were excluded, either because the studies were not a RCT (mainly cases series) or the followup period was less than 12 months. Therefore, five studies were included as part of this systematic review. Fig. 2 outlines a flow diagram of the search results according to PRISMA recommendations (Moher et al., 2009) . The characteristics of the included studies are summarised in Table 1. In Table 2 a summary of the studies primary outcomes and main results are included.
From the five studies included in this paper, a total of 200 patients (226 implants) were treated. The mean age of the patients was 56 years (with a range between 26 and 76 years). A total of 63.5% of patients were women (127 patients), with the remainder (36.5%) being men (73 patients). The follow-up period of the studies ranged from 12 to 48 months. Three studies noted the smoking status and patients history of periodontal diseases (Aghazadeh et al., 2012 , Jepsen et al., 2016 , Wohlfahrt et al., 2012 . These studies reported that between 40.9% and 69.6% of patients smoked, while between 50% and 95.2% had a history of periodontal treatment or tooth loss due to periodontal diseases. One study compared the use of autogenous bone grafts to bovine-derived xenografts with the use of a resorbable bovine collagen membrane in both groups (Aghazadeh et al., 2012) . Two studies used porous titanium granules without a membrane (Jepsen et al., 2016 , Wohlfahrt et al., 2012 . Natural bone mineral with collagen membrane was employed in two studies (Schwarz et al., 2013 , Schwarz et al., 2010 . In terms of the detoxification methods applied in the treatment of the implant surfaces, two studies used 3% hydrogen peroxide and saline (Aghazadeh et al., 2012 , Jepsen et al., 2016 . One study used 24% EDTA gel and saline (Wohlfahrt et al., 2012) , while Schwarz et al. (2013) used implantoplasty and Er:YAG laser. The fifth study included in this review used only sterile saline (Schwarz et al., 2010) . Only one study employed the use of submerged implant treatment (Wohlfahrt et al., 2012) , while the remainder used a non-submerged technique. In all of the studies, patients were prescribed both antibiotics (azithromycin, amoxicillin or metronidazole) and chlorhexidine mouthwash postoperatively, with the exception being Schwarz et al. (2010) who reported the use of chlorhexidine mouthwash but not prescription antibiotics. Only one study recorded and measured peri-implant keratinised mucosa (Wohlfahrt et al., 2012) . This study established a weak positive correlation of r = 0.371 between the presence of peri-implant keratinised mucosa and increases in peri-implant bone levels. None of the studies reported any significant complications.
Effects of interventions on probing pocket depth (PPD)
All of the interventions significantly reduced PPD in all groups when compared to baseline (before the intervention). However, the reduction was broadly insignificant (p-value > 0.05) in all studies. The highest mean reduction was 3.1 mm, which was reported in Aghazadeh et al. (2012) . This study applied a bovine-derived xenograft (BDX) with a collagen membrane. The lowest PPD reduction mean was 1.2 mm in patients who were treated with implantoplasty and saline (Schwarz et al., 2013) .
Effects of interventions on bleeding on probing (BOP)
BOP was significantly reduced in four of the five studies when compared to baseline (Aghazadeh et al., 2012 , Jepsen et al., 2016 , Schwarz et al., 2013 , Schwarz et al., 2010 . However, no difference was reported between the groups or compared to the baseline in Wohlfahrt et al. (2012) . None of the studies evidenced a statistical reduction between the tested groups, with the exception of Schwarz et al. (2010) that presented a higher Class Ie defect as compared to other groups from the same study. The highest percentage reduction occurred in patients treated only with implantoplasty and saline (a reduction of 85.2%) (Schwarz et al., 2013) . In contrast, the lowest reduction was 25.9% in the Class Ic defect group (Schwarz et al., 2010) .
Effects of interventions on radiographic bone level (RBL)
Unfortunately, the impact of treatment on RBLs were not reported in two of the studies (Schwarz et al., 2013 , Schwarz et al., 2010 . In the remaining studies, there was evidence of increased bone level as compared to baseline in all of the intervention groups. However, this increase was insignificant in all of the groups. Two studies found that the use of porous titanium granules led to a significant increase in radiographic defect fill when compared to the control groups (Jepsen et al., 2016 , Wohlfahrt et al., 2012 . Aghazadeh et al. (2012) showed that the use of a bovine-derived xenograft led to an increase in defect fill as compared to the autogenous bone group. However, this increase was limited and relatively insignificant. The highest mean defect fill was reported in the porous titanium granules group (3.6 mm) (Jepsen et al., 2016) , while the lowest mean defect fill was 0.1 mm in the control group reported by Wohlfahrt et al. (2012) .
Effects of interventions on secondary outcomes
Facial marginal soft tissue recession was measured and recorded in two studies (Schwarz et al., 2013 , Schwarz et al., 2010 . Schwarz et al. (2010) reported a marginal decrease in facial mucosal gain between the baseline (mean of mucosal recession = 0.4 mm) and at 12 months (mean of mucosal The effect of surgical regenerative treatment for peri-implantitis SD = standard deviation; AB = autogenous bone; BDX = bovine-derived xenograft; EDTA = ethylenediaminetetraacetic acid; ASA = American Society of Anaesthesiologists; PTG = Porous Titanium Granules; CPS = plastic curette + cotton pellets + sterile saline; ERL = Er:YAG laser. recession = 0.8 mm). However, this was not statistically significant. In a later study, Schwarz et al. (2013) found almost no changes in the mucosal recession in the Er:YAG laser group between baseline and the 48-month follow-up (mean of mucosal recession = 2.2 mm). In contrast, there was a slight improvement in the CPS group (group was treated with plastic curettes + cotton pellets + sterile saline). This improvement included a 1.2 mm mucosal recession at baseline, improving to 0.9 mm at the 48-month follow-up visit (0.3 mm mean gain of mucosal height). In both groups, there was no statistically significant difference. Additional secondary outcomes, such as aesthetic changes evaluated by the patient or dentist and the cost of the treatment, were not reported on in any of the studies. 
Discussion
All of the included studies showed improvement of the clinical conditions when compared to their baseline parameters, and they also reported a clinical relevance in their findings. However, none of the five included studies proved any statistical significance in their approach as compared to the other studies, regarding the clinical parameters (PPD, BOP, RBL or facial marginal recession). The highest mean reduction in PPD was 3.1 mm which was reported in Aghazadeh et al. (2012) and the second highest was 2.8 mm reported in Jepsen et al. (2016) , both studies had used bone substitutes (bovinederived xenograft and porous titanium granules, respectively). This could suggest that the use of bone substitutes may result in a larger PPD reduction as compared to other nonregenerative surgical treatments. For BOP, four of the studies showed a significant improvement when compared to their baseline. However, none of them proved that their technique was reliable or better than the control groups or other techniques. Furthermore, the improvement that was achieved as compared to their baseline may be a normal outcome of patient care after surgical treatment.
For the RBL clinical parameter, the included studies showed that the use of bone substitutes led to an increase in RBL as compared to baseline. The highest mean defect fill was reported in the porous titanium granules group (3.6 mm) (Jepsen et al., 2016) , followed by the porous titanium granules group (2 mm) reported in Wohlfahrt et al. (2012) , then the bovine-derived xenograft group (1.1 mm) reported in Aghazadeh et al. (2012) and the least defect fill was reported in the autogenous bone group (0.2 mm) in Aghazadeh et al. (2012) . This suggests that the order of the best material to fill a bone defect to the least is: porous titanium granules, bovinederived xenograft and autogenous bone, respectively. However, radiographic examination did not prove that there was complete re-osseointegration between the implant and bone graft and this needed histological examination, which may be an impractical study on human patients. Another limitation of RBL is that autogenous bone grafts are not as radiopaque as porous titanium granules and might be resorbed at a faster rate than the latter (Jepsen et al., 2016) . Schwarz et al. (2010) investigated the impact of regenerative techniques on defect configuration. The researchers divided Class I defects into three subcategories: Class Ib, Class Ic and Class Ie (Fig. 3) . They found that Class Ie had better clinical outcomes (PPD and BOP) than the other two subcategories. They also concluded that Class Ie had favourable treatment outcomes when treated with a natural bone mineral and a collagen membrane, while Class Ic had unfavourable outcomes. This classification might be similar to the infrabony defects classification (three osseous walls), and the findings may support the algorithm (Fig. 1) that was developed by Mishler and Shiau (2014) , which showed the importance of the bony walls in defects to support and well contain the bone graft materials during the healing process. Schwarz et al. (2013) investigated the impact of two different surface debridement and decontamination methods as a surgical treatment for peri-implantitis. They divided the patients into two groups, and the treatment procedure for both groups included access flap surgery, granulation tissue removal and implantoplasty. Then, the first group was treated with Er: YAG laser (ERL group) and the second group was treated with plastic curettes + cotton pellets + sterile saline (CPS group). In addition, in both groups, the bony defects were filled with a natural bone mineral and covered by a collagen membrane. The researchers followed the patients up to 48 months postoperatively. They concluded that there was no statistically significant difference between the groups and the treatment outcomes were not influenced by the different methods of surface decontamination. Thereafter, the researchers continued to follow the patients and examined them 84 months after the surgical intervention. They published their results in 2017 (Schwarz et al., 2017) , and their conclusion was the same as in Schwarz et al. (2013) that treatment outcomes were not influenced by the different methods of surface decontamination.
Autogenous bone graft vs. other types of bone substitutes
In the studies included various types of bone grafting materials were used in the treatment of peri-implantitis. In the literature, autogenous bone is considered the 'gold standard' of bone grafting materials (Warreth et al., 2015) . However, in the included studies, the least defect fill was in the autogenous bone group. This finding is in line with other studies, which have shown that autogenous bone grafts have more volume loss (40%) during the healing process as compared to synthetic bone substitutes, which may retain their volume for years (Iezzi et al., 2007) . On the other hand, porous titanium granules, which were recently confirmed to have osteoconductive properties (Mijiritsky et al., 2013) , had a higher defect fill in the presented studies. This will lead us to rethink whether autogenous bone graft is still the gold standard for treatment of peri-implantitis or not, and it is difficult from this review to answer this question as it needs more clinical and histological studies.
The role of barrier membranes in regenerative surgical techniques
In the literature there is disagreement on the benefits of barrier membranes. Some studies showed that higher reductions of PPD and BOP were found when barrier membranes were used to cover bone grafts as compared to grafts alone (Chan et al., 2014) , while others demonstrated no additional benefits to using barrier membranes and claimed that the membranes added more costs (Roos-Jansaker et al., 2014) . In this review, three out of the five studies used resorbable collagen membranes (Aghazadeh et al., 2012 , Schwarz et al., 2013 , Schwarz et al., 2010 , while the other two studies did not use any membrane (Jepsen et al., 2016 , Wohlfahrt et al., 2012 . It cannot be concluded from the results of these studies if barrier membranes had any additional effect.
Quality of the evidence
An assessment of the risk posed by bias in the included RCT studies was undertaken using an assessment tool from the Cochrane handbook for systematic reviews of interventions (Higgins and Green, 2011) . Table 3 shows the risk of bias assessment for each of the included studies. The overall risk of bias was low for the selected studies except for Schwarz et al. (2013) and Schwarz et al. (2010) , which were assessed as unclear risk. Schwarz et al. (2010) did not give any clear information on their random sequence generation and allocation concealment, and the study was judged to have a high risk of bias due to incomplete outcome data as they did not evaluate the bony defects preoperatively and bone graft treatments postoperatively by radiographs. Instead, they used the clinical attachment level, which might not be as an accurate tool to evaluate peri-implantitis treatment as compared to dental radiographs. In addition, Schwarz et al. (2013) did not give clear information on allocation concealment, and the incomplete data section was assessed as a high risk as they did not use radiographs to evaluate the periimplantitis treatment. Furthermore, although 11 patients missed the recall sessions, and the majority of these patients (seven) were in one group (ERL group), the authors did not disclose whether the missing participants affected the results of the study. Aghazadeh et al. (2012) failed to mention if the researchers knew the patients' allocation sequence before the surgical treatment.
Limitations of the included studies and the review
The included studies have many limitations that may affect the overall validity of this systematic review. First, all five studies selected for the review contained a relatively small number of patients and a short follow-up period. Second, the definition of peri-implantitis and the clinical parameters varied in the inclusion criteria of the included studies. Some of them defined RBL as !2 mm (Aghazadeh et al., 2012) and some defined it as !3 mm (Jepsen et al., 2016) , while others defined it as !4 mm (Wohlfahrt et al., 2012) . Also, PPD was not the same in the inclusion criteria among the studies. It was defined as !5 mm in three of the studies (Aghazadeh et al., 2012 , Jepsen et al., 2016 , Wohlfahrt et al., 2012 , while it was >6 mm in the other two (Schwarz et al., 2013 , Schwarz et al., 2010 . Third, there was heterogeneity in the study design among the studies; the variation in bone substitutes and detoxification methods could make the comparison between the techniques difficult. Moreover, the heterogeneity may make the meta-analysis of the included studies impractical. Another limitation of the studies is the fact that evaluation of reosseointegration between the implants and bone grafts could not be assessed by radiographs only, a histological examination would also be needed. Furthermore, many of the included studies reported a high percentage of smokers and a history of periodontal diseases among the patients, which are potential risk factors for peri-implantitis and could have compromised the treatment outcomes. In addition, most of the studies did not report the amount of peri-implant keratinised mucosa, which might also have affected the treatment outcomes. Also, the cost of treatment, which might be important to evaluate the cost-effectiveness of each technique, and aesthetic outcome evaluation, which were part of the secondary outcomes for this review, were not reported in any of the studies. Another limitation of this systematic review is that the studies included were only in English. Thus, any relevant studies in other languages might have been missed. Finally, the number of included studies was only five, which may not be enough to draw any solid conclusions.
Conclusion
Within the limits of this systematic review, regenerative surgical treatment showed clinical improvements in the included studies as compared to their baseline conditions (before surgical treatment). However, none of the five selected studies proved any statistical significance in their approaches. Porous titanium granules had the highest radiographic bone defect fill for the RBL parameter as compared to the other bone substitutes, and there were better PPD outcomes in the bovine-derived xenograft group and before the autogenous bone graft group. The shape of the bony defect may play an important role in the success of regenerative treatment, as shown in the review Class Ie had favourable PPD and BOP outcomes when compared to Class Ib and Class Ic. In addition, Class Ic had unfavourable results. There was no clear evidence to support any additional advantages for the use of Er:YAG laser, submerged techniques or barrier membranes. The results of this systematic review should be used with caution when it comes to clinical practice, as this review has many limitations. There is a need for well-designed, long-term, randomised clinical trials with sufficiently large sample sizes and a long follow-up period.
Funding
No funding was received for this research.
Declaration of Competing Interest
The authors have no conflict of interest to declare.
